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(57) ABSTRACT 

After a gray scale image extracting unit converts an input 
document image to a gray Scale image, a multi-code image 
binary-coding unit converts the image to a binary image 
having a value in which each pixel indicates either a 
background area or a plotting area in the image, and outputs 
the binary image to a binary image recognizing unit. In the 
multi-code binary-coding unit, a partial area extracting unit 
extracts one or more partial areas in the gray scale image. A 
partial image binary-coding unit executes a binary-coding 
process for each of the partial areas in the gray Scale image. 
A binary image combining unit combines one or more 
partial binary images and constitutes a binary image of the 
entire gray Scale image. 
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1. 

COLOR DOCUMENT MAGE 
RECOGNIZINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a recognition technology 

of color document images. 
2. Description of the Related Art 
A document image recognizing apparatus executes an 

encoding process by recognizing characters in a document 
image when the document image is inputted. Recently a 
product to which a binary document image can be inputted 
has been developed. Recently the use of an image filing 
device has been widespread, and demand for recognizing an 
image which is filed by Such a device when the image is 
inputted to a document image recognizing apparatus, has 
been increasing. A color document image recognizing appa 
ratus also targets the recognition of color document images 
and gray Scale document images. 
As personal computers are widespread and information 

communications networks have improved, many electroni 
cally filed documents have appeared. However, the major 
medium of information distribution is still paper documents, 
and there are many existing paper documents. Under these 
circumstances, demand for a document image recognizing 
apparatus which can convert a paper document into an 
electronically filed document and edit the conversion result, 
has been increasing. In particular, since many gray Scale 
documents and color documents contain pictures, demand 
for an apparatus such that can recognize not only binary 
documents, but also gray scale documents and color docu 
ments, has been increasing. 

If an input document image is not a binary image, but a 
gray Scale image or color image, a conventional color 
document recognizing apparatus binary-codes the lightness 
element of each pixel using a constant threshold, obtains a 
binary image with one of two kinds of values, that is, a value 
indicating that each pixel is located in a plotting area, Such 
as a ruled line, stroke of a character/drawing, etc., and a 
value indicating that each pixel is located in a background 
area, and performs document recognition based on the 
obtained binary image. 

FIG. 1 shows the configuration of a conventional color 
document image recognizing apparatus. 

If an input document image 2201 is a color image, a gray 
scale image extracting unit 2202 outputs a gray scale image 
by extracting the gray scale value of a lightness element, 
etc., for each pixel. 
When a gray scale image is inputted, a constant threshold 

binary-coding unit 2203 obtains a binary image by executing 
a binary-coding process for the inputted gray Scale image 
using a constant threshold. This threshold is designated and 
inputted from the outside, or is obtained by computing the 
pixel value of a gray Scale image. Such as Otsu's binary 
coded threshold (see Journal of the Institute of Electronic 
Information and Communication J63-D, No. 4 (1980), 
349-356). 
A local binary-coding unit 2204 obtains a binary image 

representing a finer plotting area by obtaining and binary 
coding the variable threshold of each pixel in the plotting 
area of the binary image which is outputted by the constant 
threshold binary-coding unit 2203 using the pixel value of 
an area several times as large as a character stroke or of 
about half the size. 
A binary image recognizing unit 2205 recognizes the 

binary image and outputs a recognition result 2206. 
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2 
The object of the local binary-coding unit 2204 is to judge 

the binary image which is obtained from a lightness image 
using a single threshold. Such as Otsu's binary-coded thresh 
old, and to be the roughly obtained plotting area of the 
inputted color document image and to obtain a finer plotting 
area by performing finer binary-coding for each pixel of the 
rough plotting area using a variable threshold. A simpler 
configuration can also be considered and which is not 
provided with a local binary-coding unit 2204 and in which 
the binary image outputted by the constant threshold binary 
coding unit 2203 is inputted to the binary image recognizing 
unit 2205 without modification. 

However, the conventional color document image recog 
nizing apparatus shown in FIG. 1 has a weak point in that if 
there are two or more background colors or plotting colors 
of a document in an input color document, or if gradation is 
applied to a background color or plotting color, a part of the 
plotting area of the input color document becomes a back 
ground area or a part of the background area becomes a 
plotting area in the generated binary image, and thus rec 
ognition accuracy is reduced. 
The conventional color document image recognizing 

apparatus is characterized by binary-coding a gray scale 
image with the constant threshold binary-coding unit 2203 
using a constant threshold and utilizing a binary image in 
which the plotting area of the input color document is 
roughly extracted in a Subsequent process. For this reason, 
if there are two or more background colors or plotting colors 
of a document in an input color document, or if gradation is 
applied to a background color or plotting color, the relation 
ship between the size of the pixel value of the background 
area and the pixel value of the plotting area of the gray scale 
image is not always constant. Therefore, if the gray scale 
image is binary-coded using a single threshold, a part of the 
plotting area of the input color document becomes a back 
ground area or a part of the background area becomes a 
plotting area in the generated binary image. 

If binary-coding using a constant threshold is not per 
formed and local binary-coding is performed for all the 
pixels of a gray Scale image, a different threshold is used for 
each pixel, and if the entire neighborhood has almost the 
same background color or plotting color, noise in the gray 
white-flecked state occurs in which the background color 
and plotting color are finely mixed. For this reason, binary 
coding using a constant threshold is introduced in a preced 
ing stage to limit a target to be locally binary-coded to the 
neighborhood of a plotting area and to prevent the gray 
white-flecked noise from occurring, which becomes the 
cause of the problem described above. 

SUMMARY OF THE INVENTION 

The background of the present invention has been 
described above, and an object of the present invention is to 
be able to distinguish a background area from a plotting area 
even if there are two or more background colors or plotting 
colors of a document in an input color document, or if 
gradation is applied to a background color or plotting color. 

In the present invention, the aggregate of partial areas of 
a single background color and single plotting color covering 
the plotting area of an input color document image is 
obtained, a partial binary image is generated by performing 
binary-coding using a prior art for each partial area, and a 
binary image of an entire gray scale image is constituted by 
combining the partial binary images. 

In order to obtain the partial area of a single background 
color and single plotting color, partial areas, Such as the 
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neighborhood area of a character with an almost uniform 
background color and an almost uniform plotting color are 
extracted by extracting the outline of the plotting area of an 
input color document image using edge extraction and by 
combining closely located edge pixels. 

If there are two or more background colors or plotting 
colors of a document in an input color document or if 
gradation is applied to a background color or plotting color, 
a target to be binary-coded using a constant threshold is the 
partial area of a single background color and single plotting 
color. Therefore, the present invention has an effect such that 
a color document image can be accurately binary-coded and 
recognized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The other objects and features of the present invention 
will be more apparent to a person having ordinary skill in the 
art from the following detailed description in conjunction 
with the accompanying drawings, in which: 

FIG. 1 shows the configuration of a conventional color 
document image recognizing apparatus. 

FIG. 2 shows the configuration of a color document image 
recognizing apparatus, which is a preferred embodiment of 
the present invention. 

FIG. 3 shows an example of the first configuration of a 
partial area extracting unit. 

FIG. 4 shows an example of the second configuration of 
a partial area extracting unit. 

FIG. 5 shows an example of the third configuration of a 
partial area extracting unit. 

FIG. 6 shows an example of the fourth configuration of a 
partial area extracting unit. 

FIG. 7 shows an example of the first configuration of a 
partial image binary-coding unit. 

FIG. 8 shows an example of the second configuration of 
a partial image binary-coding unit. 

FIG. 9 shows an example of the third configuration of a 
partial image binary-coding unit. 

FIG. 10 shows an example color document (No. 1). 
FIG. 11 shows an example binary-coding result according 

to a conventional apparatus (No. 1). 
FIG. 12 shows an example partial area extraction accord 

ing to a preferred embodiment of the present invention (No. 
1). 

FIG. 13 shows an example binary-coding result according 
to a preferred embodiment of the present invention (No. 1). 

FIG. 14 shows an example color document (No. 2). 
FIG. 15 shows an example binary-coding result according 

to a conventional apparatus (No. 2). 
FIG. 16 shows an edge strength image after edge extrac 

tion according to a preferred embodiment of the present 
invention. 

FIG. 17 shows an edge binary image according to a 
preferred embodiment of the present invention. 

FIG. 18 shows the contracted image of an edge binary 
image according to a preferred embodiment of the present 
invention. 

FIG. 19 shows an image after removing noise from a 
contracted image according to a preferred embodiment of 
the present invention. 

FIG. 20 shows an image after ruled-line removal accord 
ing to a preferred embodiment of the present invention. 

FIG. 21 shows an example partial area extraction accord 
ing to a preferred embodiment of the present invention (No. 
2). 
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4 
FIG.22 shows an example binary-coding result according 

to a preferred embodiment of the present invention (No. 2). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 shows the configuration of a color document image 
recognizing apparatus in a preferred embodiment of the 
present invention. 

This preferred embodiment is provided with a gray scale 
image extracting unit 102 and a multi-code image binary 
coding unit 103. An input document image 101 is inputted 
from an input circuit to the gray scale image extracting unit 
102. The input document image 101 is a color image or gray 
Scale image. 

If the input document image 101 is a color image, after the 
gray scale image extracting unit 102 converts the input 
document image 101 to a gray Scale image, the multi-code 
image binary-coding unit 103 converts the gray scale image 
to a binary image in which each pixel represents either a 
background area or plotting area in the gray Scale image. 

If the input document image 101 is a gray Scale image, the 
multi-code binary-coding unit 103 converts the input docu 
ment image 101 to a binary image and outputs the binary 
image. 
A binary image recognizing unit 107 recognizes the 

binary image outputted by the multi-code image binary 
coding unit 103, and outputs an electronically coded recog 
nition result 108. 
The multi-code image binary-coding unit 103 includes a 

partial area extracting unit 104, a partial image binary 
coding unit 105 and a binary image combining unit 106. The 
partial area extracting unit 104 extracts one or more partial 
areas in the gray Scale image. The partial image binary 
coding unit 105 executes a binary-coding process for each 
partial area of the gray scale image. The binary image 
combining unit 106 constitutes a binary image of the entire 
gray scale image by combining the one or more partial 
binary images. 

In the conventional apparatus shown in FIG. 1, the entire 
gray scale image is collectively binary-coded by the constant 
threshold binary-coding unit 2203. On the other hand, this 
preferred embodiment is configured in Such a way that a 
binary-coding process is finely executed for each partial area 
which is extracted by the partial area extracting unit 104 in 
the multi-code image binary-coding unit 103. The partial 
image binary-coding unit 105 for processing a partial image 
in which input information is limited to a partial area in the 
gray scale image can also be provided with the functions 
possessed by the constant threshold binary-coding unit 2203 
and the local binary-coding unit 2204 in the conventional 
apparatus. 

For a concrete method for extracting a gray scale image 
from the input document image 101, that is, a color docu 
ment in the gray scale image extracting unit 102, a technol 
ogy for generating a gray scale image by outputting either 
the lightness element, Saturation element or hue element of 
a color pixel, one of the three primary colors, that is, red, 
green or blue, or a value which is obtained by assigning the 
elements or primary colors in a certain calculation expres 
Sion, as a gray scale value, can be considered. Since the 
lightness element can store information possessed by many 
color documents, the lightness is the most typical element 
that uses a gray scale image which can be extracted. 
The partial area extracting unit 104 of the multi-code 

image binary-coding unit 103 extracts the aggregate of 
partial areas of a single background color and single plotting 
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color covering the plotting area in the input document image 
101, that is, a color document. For the concrete method of 
this process, a method of extracting one or more partial areas 
in which both the background color and plotting color in a 
gray scale image have nearly constant gray scale values can 
be considered. In this case, a method using a rectangular area 
of which the shape of the partial area can be easily described 
can also be considered. 
More specifically, a method in which the partial area 

extracting unit 104 executes an edge extracting process for 
a gray scale image and extracts one or more partial areas 
using the obtained edge strength image or edge direction 
image, can be considered. In the edge extracting process, a 
Zobel filter or Laplacian filter, which are well known in the 
field of image processing, can be used. 

Furthermore, a method in which the partial area extracting 
unit 104 obtains an edge binary image representing the 
outline of a plotting stroke by executing an edge extracting 
process and extracts one or more partial areas based on the 
edge binary image, can be considered. A method of obtain 
ing an edge binary image by executing a binary-coding 
process for the edge strength image of a gray Scale image 
using a general binary-coding method. Such as Otsu's 
binary-coding when the edge binary image is obtained, can 
also be considered. Alternatively, a method of obtaining an 
edge binary image of which the edge outline is somewhat 
contracted by obtaining a temporary edge binary image by 
executing a binary-coding process for the edge strength 
image of a gray scale image using a general binary-coding 
method, etc., shifting each of the edge pixels of the tempo 
rary edge binary image several pixels in the forward or 
backward direction of an edge direction image and gener 
ating an edge image of which the outline formed by the edge 
pixels is contracted when the edge binary image is obtained, 
can be considered. 

Furthermore, a method in which the partial area extracting 
unit 104 obtains the coupling element of the edge pixel of an 
edge binary image and each partial area is obtained based on 
each coupling element, can also be considered. In this case, 
the partial area can also be more simply described by 
designating the circumscribed rectangle of the coupling 
element for its partial area. Alternatively, a method of 
designating the overlapping rectangle of a circumscribed 
rectangle of the coupling element of the edge pixel of an 
edge binary image for its partial area can be considered. 

FIG. 3 shows an example first configuration of a partial 
area extracting unit 104. 

First, an edge extracting process is executed for a gray 
scale image using a Zobel filter, etc., and an edge strength 
image is extracted (201 in FIG. 3). 

Then, a binary-coding process is executed for the edge 
strength image using a constant threshold based on Otsu's 
binary-coding method, etc., and an edge binary image is 
extracted (202 in FIG. 3). This edge binary image has the 
outline of the plotting area of the input document image, that 
is, a color document as a plotting area. 

Then, the aggregate of the coupling elements of the 
plotting area of the edge binary image is extracted using a 
technique, such as labeling, etc., and the aggregate of the 
circumscribed rectangles of the coupling element are out 
putted as the aggregate of partial areas (203 in FIG. 3). 

In the case of a color document in which a plotting area 
is composed of only characters, portions closely located 
with the outlines used as a center, of the plotting area of an 
input document image 101 is considered to have a nearly 
uniform background and a nearly uniform plotting color. For 
this reason, the partial area obtained by the partial area 
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6 
extracting unit 104 having this configuration can designate 
a gray scale partial image Suited to be inputted to the partial 
image binary-coding unit 105 which is based on a prior art. 

FIG. 4 shows an example of the second configuration of 
a partial area extracting unit 104. 

In this example configuration, an edge image contracting 
process (301 in FIG. 4) is inserted between the edge image 
binary-coding process (201) and the edge coupling element 
extracting process (203) of the first example configuration 
shown in FIG. 3. 

In this process, since each edge pixel of an edge binary 
image is shifted several pixels in the forward or backward 
direction of the edge direction image and the outline of the 
image formed by edge elements is contracted, a new edge 
binary image of which the edge outline is somewhat con 
tracted can be generated. 

Then, the aggregate of the coupling elements of the 
plotting area of the edge binary image is extracted and the 
aggregate of the circumscribed rectangles of the coupling 
element are outputted as the aggregate of partial areas (203). 

In this way, by adding the contraction process of an edge 
image, the overlapping of the outlines of a plurality of 
characters can be prevented and thus the coupling element of 
an edge can be prevented from becoming large. As a result, 
in the case of a color document in which a plotting area is 
composed of only characters, closely located with the out 
lines used as a center, of the plotting area of an input 
document image 101 can have a more uniform background 
and a more uniform plotting color. 

Furthermore, a method in which the partial area extract 
unit 104 judges an extremely long outline from the outlines 
composing the edge pixel in the edge binary image to be a 
ruled line, and removes the outline and extracting a partial 
area based on an edge binary image consisting of only the 
remaining edge pixels, can be considered. Alternatively, a 
method of judging outlines which continue with a certain 
degree of length in a lateral or vertical direction, from the 
outlines composing of the edge pixel in the edge binary 
image, to be ruled lines, removing the outlines and extract 
ing a partial area based on the edge binary image composed 
only of the remaining edge pixels, can be considered. 

FIG. 5 shows an example of the third configuration of a 
partial area extracting unit 104. 

In this example configuration, a ruled-line removing 
process (401 in FIG. 5) is inserted between the edge image 
contracting process (301) and the edge coupling element 
extracting process (203) of the second example configura 
tion shown in FIG. 4. 

In this process, edge outlines with a certain degree of 
length or an unspecified degree of length in a lateral or 
vertical direction in the edge binary image of which the edge 
outline is somewhat contracted are judged to be ruled lines 
and are removed. 

Then, the aggregate of the coupling elements of the 
plotting area of the edge binary image is extracted, and the 
aggregate of the circumscribed rectangles of the coupling 
element are outputted as the aggregate of partial areas (203). 
By adding Such a ruled-line removing process, the edge 

pixels composing a long outline which is generated in the 
ruled lines of a table and on the boundary of two background 
areas, can be removed in a color document composed of not 
only characters but also ruled lines and a color document in 
which background areas are set aprat. Therefore, a large 
partial area, Such as an edge coupling element obtained from 
a long outline can be prevented from being extracted. For 
this reason, a partial area with two or more background 
colors or plotting colors may be difficult to be outputted, the 
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aggregate of partial areas covering a text area can be 
obtained in a color document containing a table composed of 
not only characters but also ruled lines and a color document 
in which background areas are indented, and thus a high 
accuracy binary image can be obtained for a text area. 

Furthermore, a method in which the partial area extracting 
unit 104 judges an extremely short outline to be a noise 
removes the extremely short outline from the outlines com 
posing the edge pixel in an edge binary image, and extracts 
a partial area based on the edge binary image composed of 
only the remaining edge pixels, can also be considered. 

FIG. 6 shows an example of the fourth configuration of a 
partial area extracting unit 104. 

In this example configuration, a noise removing process 
(501 in FIG. 6) is inserted between the edge image binary 
coding process (201) and the edge image contracting (303) 
in the third example configuration shown in FIG. 5. 

In this process, the noise removing process described 
above is executed for the edge binary image. 
By adding Such a noise removing process, noise which is 

generated by strike-through or disturbance at the time of the 
input of an input document image 101 and wrongly 
extracted by edge extraction, can be removed, and thus a 
partial area with a more uniform background color and a 
more uniform plotting color can be outputted. 

Furthermore, if the partial area extracting unit 104 
executes a ruled-line removing process for the outlines 
composing the edge pixel in an edge binary image, a method 
of storing and outputting the removed ruled line as another 
ruled-line binary image can also be considered. Alterna 
tively, a method in which the binary image combining unit 
106 computes the logical OR between the generated binary 
image and the stored ruled-line binary image, and outputs 
the obtained binary image, can be considered. By using this 
method, a good binary image can be combined for a color 
image containing drawings and characters composed of 
tables and strokes too, and thus high-accuracy document 
recognition can be obtained. 
The partial image binary-coding unit 105 of the multi 

code image binary-coding unit 103 generates one or more 
partial binary images by executing a binary-coding process 
for a gray scale partial image corresponding to each partial 
area extracted by the partial area extracting unit 104. 

For a concrete method for this process, a variety of 
techniques which are Suited to a document image with a 
single background color and a single plotting color, like a 
binary-coding function which is also used in the conven 
tional apparatus, can be considered. 

FIG. 7 shows an example of the first configuration of a 
partial image binary-coding unit 105. 

In this example configuration, since the partial image 
binary-coding unit 105 executes a binary-coding process 
using a constant threshold, Such as Otsu's binary-coding 
threshold, etc., (601 in FIG. 7) for the designated partial area 
of a gray scale image, a partial binary image can be obtained. 
For the constant threshold, the linear sum of the mean value, 
standard deviation and distribution of the pixel value of the 
designated partial area can also be used. An example of this 
is shown in equation 1. A general process parameter is a 
COnStant. 

Threshold=Mean value of all pixel values+General 
process parameterxStandard deviation of all 
pixel values Equation 1 

As shown in the following equation 2, the standard deviation 
can be obtained using the distribution. As shown in the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
following equation 3, the distribution can be obtained using 
the mean value and square mean value. 

Standard deviation=(Distribution)' Equation 2 

Distribution=Square mean value-(Mean value)? Equation 3 

FIG. 8 shows an example of the second configuration of 
a partial image binary-coding unit 105. 

In this example configuration, after the partial image 
binary-coding unit 105 roughly extracts a plotting area in the 
same way as in FIG. 7 (601), the partial image binary-coding 
unit 105 executes a local binary-coding process to obtain a 
variable threshold for each pixel in the plotting area (701 in 
FIG. 8), a partial binary image can be obtained. For the 
variable threshold used in this local binary-coding process, 
the linear Sum of the mean value, standard deviation and 
distribution of a pixel value in a local area containing the 
pixel to be binary-coded for a gray Scale partial image 
corresponding to the partial area can also be used. For 
example, a threshold can be calculated using the following 
equation 4 within a local range for each pixel (a square area 
with a focussed pixel in the center). A local binary-coding 
parameter is a constant. 

Threshold value=Mean value of gray scale pixel val 
ues in local area--Local binary-coding param 
eterxStandard deviation of gray scale pixel 
value Equation 4 

By using the partial image binary-coding unit 105 accord 
ing to the second example configuration, partial binary 
coding more resistant to the change of the background color 
or character color in the partial area than the first example 
configuration can be performed, and thus more accurate 
color document recognition can be realized. 

FIG. 9 shows an example of the third configuration of a 
partial image binary-coding unit 105. 

In this example configuration, the partial image binary 
coding unit 105 executes a Subpixel generating process 
which increases the number of pixels by interpolating their 
pixel values for a gray scale image prior to a binary-coding 
process using the same constant threshold as in FIG. 8 (601). 
In this process, for example, the linear interpolating process 
of pixel values is executed. 

According to this third example configuration, since a 
good binary-coding image can be obtained for low-resolu 
tion documents, such as those of 150 dpi and 100 dpi which 
often exist in a color document image due to the limitation 
of Storage capacity and processing speed, without losing 
information stored in a gray scale image due to a binary 
coding process, far more accurate color document recogni 
tion than in the first and second example configurations can 
be obtained. 

Furthermore, a method of changing the size of the local 
area containing the pixel to be binary-coded of a gray scale 
partial image corresponding to a partial area for each partial 
area using the width of a plotting area contained in the 
partial area or the size of the partial area itself when a 
variable threshold to be used for the local binary-coding 
process described above is obtained, can be considered. If 
this method is used, when a plotting area with a thick 
character stroke. Such as a title character, etc., is extracted 
using a local binary-coding process, the occurrence of 
gray-white-flecked noise can be prevented since all local 
areas are prevented from being included in the plotting area 
for a specific pixel, and thus far more accurate color docu 
ment recognition than in the third example configuration can 
be realized. 
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Concrete methods in which the binary image combining 
unit 106 of the multi-code image binary-coding unit 103 
shown in FIG. 2 generates a binary image for the entire gray 
scale image by combining one or more obtained partial 
binary images, are as follows. 

First, a method in which the binary image combining unit 
106 sets the pixel value in a binary image to be outputted, 
corresponding to a pixel which is not contained in any partial 
area of a gray Scale image, to the value of a background 
color, and obtains the pixel value in a binary image to be 
outputted, corresponding to a pixel which is contained in one 
or more partial areas of the gray scale image by some 
operation, such as a logical OR in which corresponding pixel 
values in a partial binary image obtained from each partial 
area are combined, etc., can be considered. 
A method in which the binary image combining unit 106 

assigns a corresponding pixel value in a partial binary image 
obtained from a top-priority partial area which is determined 
by the quantitative priority of a partial area, such as the size 
of a partial area, etc., as a pixel value in a binary image to 
be outputted, corresponding to a pixel which is contained in 
one or more partial areas of a gray Scale image, can be 
considered. This method can reduce the possibility of noise 
combination compared with the previous method, and thus 
a higher-quality binary image can be generated. 

Example processes of the preferred embodiments of the 
present invention described above are described below. 

FIG. 10 shows an example color document at a resolution 
of 150 dpi with a plurality of plotting colors and a plurality 
of background colors (No. 1). FIG. 11 shows an example 
binary-coding result of the example document shown in 
FIG. 10 according to the conventional apparatus having the 
configuration shown in FIG. 1. FIG. 12 shows an example 
partial area extraction (No. 1) of the example document 
shown in FIG. 10 according to the partial area extracting unit 
104 in the preferred embodiment having the configuration 
shown in FIGS. 2 and 6. In FIG. 12, the circumscribed 
rectangle of the coupling element of an edge in an edge 
binary image is extracted as a partial area. In FIG. 12, both 
an edge binary image which can be obtained by executing 
either a noise removing process (501 in FIG. 6), edge image 
contracting process (301 in FIG. 6) and ruled-line removing 
process (401 in FIG. 6) and the aggregate of the circum 
scribed rectangles representing partial areas overlap. 

In FIG. 11 a part of the image in a location where the 
background color is set apart, is incorrectly extracted as a 
plotting area, while in FIG. 13 there is no such incorrect 
extraction. 

FIG. 13 shows an example binary-coding result of the 
example document shown in FIG. 10 according to the 
preferred embodiment of the present invention having the 
configuration shown in FIGS. 2 and 6. A character area in a 
color document is excellently extracted. Since ruled lines are 
removed, only ruled-line information can be outputted as a 
separate binary image or it can be combined with the main 
image and outputted, although this is not shown in FIG. 13. 

FIG. 14 shows an example color document at a resolution 
of 150 dpi with gradated background color (No. 2). FIG. 15 
shows an example binary-coding result of the example 
document shown in FIG. 14 according to the conventional 
apparatus having the configuration shown in FIG. 1. FIG. 16 
shows an edge strength image after an edge extracting 
process (201 in FIG. 6) has been performed on the example 
document shown in FIG. 14 according to the partial area 
extracting unit 104 in the preferred embodiment of the 
present invention having the configuration shown in FIGS. 
2 and 6. FIG. 17 shows an edge binary image after an edge 
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10 
image binary-coding process (202 in FIG. 6) has been 
performed on the edge strength image. FIG. 18 shows an 
edge binary image after an edge image contracting process 
(301 in FIG. 6) has been performed on the edge binary 
image. FIG. 19 shows an image after a noise removing 
process (501 in FIG. 6) has been performed on the con 
tracted image. The process order of 501 and 301 in FIG. 6 
can be inverted. FIG. 20 shows an image after a ruled-line 
removing process (401 in FIG. 6) in which ruled lines have 
been removed from the image of which the noise is 
removed. FIG. 21 shows an example partial area extraction 
after an edge coupling element extracting process (203 in 
FIG. 6) has been performed on the image of which the ruled 
lines are removed (No. 2). 

In FIG. 15, a part of a background area is incorrectly 
extracted as a plotting area in a location where background 
color is gradated, while in FIG.22, there is no such incorrect 
extraction after processes shown in FIGS. 16 through 21. 

FIG. 22 shows an example binary-coding result of the 
example document shown in FIG. 14 according to the 
preferred embodiment of the present invention (No. 2). A 
character area in a color document is excellently extracted. 
Since ruled lines are removed, only ruled-line information 
can be outputted as a separate binary image or it can be 
combined with the main image and outputted, although it is 
not shown in FIG. 22. 

Judging from the process results described above it is 
found that according to the preferred embodiments of the 
present invention, high-accuracy color document recogni 
tion can be realized. 
What is claimed is: 
1. An apparatus for recognizing a gray scale image, 

comprising: 
inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image by deter 
mining whether each pixel corresponds to a back 
ground area or a plotting area and producing binary 
values in which each pixel has a value representing 
either a background area or a plotting area in the gray 
Scale image, said multi-code image binary-coding 
means comprising: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image, and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image. 

2. The apparatus according to claim 1, further comprising 
binary image recognizing means for recognizing a binary 

image outputted by said multi-code image binary 
coding means and electronically coding the binary 
image. 

3. An apparatus for recognizing a color document image, 
comprising: 

gray Scale image extracting means for extracting a gray 
Scale image from an inputted color document image: 
and 

multi-code image binary-coding means for converting the 
gray Scale image to a binary image by determining 
whether each pixel of the gray scale image corresponds 
to a background area or a plotting area and producing 
binary values in which each pixel has a value repre 
senting either a background area or a plotting area in 
the gray Scale image. 
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4. An apparatus for recognizing a color document image, 
comprising: 

gray scale image extracting means, when an inputted 
document image is a color document image, for 
extracting a gray scale image from the color document 
image; and 

multi-code image binary-coding means, when an inputted 
document image is a color document image, for con 
verting a gray Scale image extracted by the gray Scale 
image extracting means to a binary image by determin 
ing whether each pixel of the gray Scale image corre 
sponds to a background area or a plotting area and 
producing binary values in which each pixel has a value 
representing either a background area or a plotting area 
in the gray Scale image, or when an inputted document 
image is a gray scale image, for converting the gray 
Scale image to a binary image in which each pixel has 
a value representing either a background area or a 
plotting area in the gray Scale image. 

5. An apparatus for recognizing a gray Scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for extracting one or more 
partial areas in the gray scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said binary image combining means sets a pixel 
value in the binary image to be outputted, correspond 
ing to a pixel which is not contained in any of the partial 
areas in the gray scale image to a value of a background 
color. 

6. An apparatus for recognizing a gray Scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray Scale image; wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image: 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image, and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said binary image combining means calculates a 
pixel value in the binary image to be outputted, corre 
sponding to a pixel which is contained in one or more 
of the partial areas in the gray scale image, by a logical 
operation in which corresponding pixel values in the 
partial binary images obtained from each partial area 
are combined. 
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7. An apparatus for recognizing a gray scale image, 

comprising: 
inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said binary image combining means assigns a 
corresponding pixel value in the partial binary image 
obtained from the partial area with top-priority which is 
determined based on a quantitative priority according 
to a predetermined criterion as a pixel value in the 
binary image to be outputted, corresponding to a pixel 
which is contained in one or more partial areas of the 
gray Scale image. 

8. An apparatus for recognizing a gray Scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image by deter 
mining whether each pixel corresponds to a back 
ground area or a plotting area and producing binary 
values in which each pixel has a value representing 
either a background area or a plotting area in the gray 
Scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said partial area extracting means extracts one or 
more partial areas where both background color and 
plotting color of the gray Scale image each have a 
specific gray scale value. 

9. An apparatus for recognizing a gray scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 
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where said partial area extracting means outputs one or 
more rectangular areas as the partial areas. 

10. An apparatus for recognizing a gray scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said partial area extracting means extracts one or 
more partial areas using an edge strength image or edge 
direction image obtained by executing an edge extract 
ing process for the gray scale image. 

11. The apparatus according to claim 10, wherein the edge 
extracting process is executed using either a Zobel filter or 
a Laplacian filter. 

12. The apparatus according to claim 10, wherein said 
partial area extracting means calculates an edge binary 
image representing an outline of a plotting stroke by the 
edge extracting process and extracting the one or more 
partial areas based on this edge binary image. 

13. The apparatus according to claim 12, wherein said 
partial area extracting means calculates the edge binary 
image by executing a binary-coding process for the edge 
strength image corresponding to the gray scale image. 

14. The apparatus according to claim 12, wherein said 
partial area extracting means calculates said edge binary 
image of which the edge outline is somewhat contracted by 
executing a binary-coding process for the edge strength 
image corresponding to a gray scale image to calculate a 
temporary edge binary image, shifting each edge pixel of the 
temporary edge binary image in the forward or backward 
direction of the edge direction image to contract the outline 
formed by the edge pixels. 

15. The apparatus according to claim 12, wherein said 
partial area extracting means calculates coupling elements of 
the edge element of the edge binary image and calculates 
each of the partial areas based on each of the coupling 
elements. 

16. The apparatus according to claim 15, wherein said 
partial area extracting means calculates a circumscribed 
rectangle of each of the coupling elements as each of the 
partial areas. 

17. The apparatus according to claim 15, wherein said 
partial area extracting means calculates an overlapping 
rectangle of a circumscribed rectangle of each of the cou 
pling elements as each partial area. 

18. The apparatus according to claim 12, wherein said 
partial area extracting means judges an extremely long 
outline from outlines composed of edge pixels in the edge 
binary image to be a ruled line, removes the extremely long 
outline and extracts the partial area based on an edge binary 
image which is composed of only remaining edge pixels. 

19. The apparatus according to claim 18, wherein said 
partial area extracting means stores and outputs an outline 
portion judged and removed as the ruled line, as a ruled-line 
binary image. 
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20. The apparatus according to claim 19, wherein said 

binary image combining means performs a logical operation 
between a binary image generated by said binary image 
combining means and the ruled-line binary image stored and 
outputted, and outputs an obtained binary image. 

21. The apparatus according to claim 12, wherein said 
partial area extracting means judges outlines of a predeter 
mined length sequentially arranged in a lateral or vertical 
direction from outlines composed of edge pixels in the edge 
binary image to be ruled lines, removes the outlines and 
extracts the partial area based on an edge binary image 
which is composed of only remaining edge pixels. 

22. The apparatus according to claim 21, wherein said 
partial area extracting means stores and outputs an outline 
portion judged and removed as the ruled line, as a ruled-line 
binary image. 

23. The apparatus according to claim 22, wherein said 
binary image combining means performs a logical operation 
between a binary image generated by said binary image 
combining means and the ruled-line binary image stored and 
outputted, and outputs an obtained binary image. 

24. The apparatus according to claim 12, wherein said 
partial area extracting means judges an extremely short 

outline from outlines composed of edge pixels in the 
edge binary image as noise, removes the outlines and 
extracts the partial area based on an edge binary image 
which is composed of only remaining edge pixels. 

25. An apparatus for recognizing a gray scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said partial image binary-coding means extracts the 
partial binary image by executing a binary-coding 
process for a designated partial area of the gray scale 
image, based on a single threshold. 

26. The apparatus according to claim 25, wherein the 
single threshold is determined by calculating a linear Sum of 
mean values, standard deviation and distribution of pixel 
values in the designated partial area. 

27. An apparatus for recognizing a gray scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 



US 7,024,043 B1 
15 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said partial image binary-coding means roughly 
extracts a plotting area by executing a binary-coding 
process for a designated partial area of the gray Scale 
image, based on a single threshold, and extracts the 
partial binary image by executing a local binary-coding 
process in which a variable threshold is obtained for 
each pixel in the plotting area. 

28. The apparatus according to claim 27, wherein the 
single threshold is determined by calculating a linear Sum of 
mean values, standard deviation and distribution of pixel 
values in the designated local area. 

29. The apparatus according to claim 27, wherein the 
variable threshold is determined by calculating a linear sum 
of mean values, standard deviation and distribution of pixel 
values in a local area containing a pixel to be binary-coded 
in the gray scale image corresponding to the designated 
partial area. 

30. The apparatus according to claim 29, wherein said 
partial image binary-coding means changes a size of the 
local area according to a width of a plotting area contained 
in the partial area when calculating the variable threshold. 

31. The apparatus according to claim 29, wherein said 
partial image binary-coding means changes a size of the 
local area according to a size of the partial area when 
calculating the variable threshold. 

32. An apparatus for recognizing a gray scale image, 
comprising: 

inputting means for inputting a gray Scale image; and 
multi-code image binary-coding means for converting the 

inputted gray Scale image to a binary image in which 
each pixel has a value representing either a background 
area or a plotting area in the gray scale image, wherein 

said multi-code image binary-coding means further com 
prises: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image; and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image, and 

where said partial image binary-coding means calculates 
a gray Scale partial image corresponding to a desig 
nated partial area by interpolating a pixel value of the 
gray scale image and executing a Subpixel generating 
process which increases a number of pixels of an 
image, and extracts the partial binary image by execut 
ing the binary-coding process for the gray scale partial 
image. 

33. The apparatus according to claim 32, wherein the 
Subpixel generating process includes a linear interpolation 
process for the pixel value. 

34. The apparatus according to claim 32, wherein the 
variable threshold is determined by calculating a linear sum 
of mean values, standard deviation and distribution of pixel 
values in a local area containing a pixel to be binary-coded 
in the gray scale image corresponding to the designated 
partial area. 
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35. The apparatus according to claim 34, wherein said 

partial image binary-coding means changes a size of the 
local area according to a width of a plotting area contained 
in the partial area when calculating the variable threshold. 

36. The apparatus according to claim 34, wherein said 
partial image binary-coding means changes a size of the 
local area according to a size of the partial area when 
calculating the variable threshold. 

37. An apparatus for recognizing a gray scale image, 
comprising: an input unit inputting a gray scale image; and 

a multi-code image binary-coding-unit converting the 
inputted gray Scale image to a binary image by deter 
mining whether each pixel corresponds to a back 
ground area or a plotting area and producing binary 
values in which each pixel has a value representing 
either a background area or a plotting area in the gray 
Scale image, said multi-code image binary-coding 
means comprising: 

partial area extracting means for one or more partial areas 
in the gray Scale image, 

partial image binary-coding means for executing a binary 
coding process for each of the partial areas of the gray 
Scale image and extracting a partial binary image, and 

binary image combining means for combining the one or 
more partial binary images and for constituting the 
binary image of the entire scale image. 

38. An apparatus for recognizing a color document image, 
comprising: 

a gray Scale image extracting unit extracting a gray scale 
image from an inputted color document image; and 

a multi-code image binary-coding unit converting the 
gray Scale image to a binary image by determining 
whether each pixel of the gray scale image corresponds 
to a background area or a plotting area and producing 
binary values in which each pixel has a value repre 
senting either a background area or a plotting area in 
the gray Scale image. 

39. An apparatus for recognizing a color document image, 
comprising: 

a gray scale image extracting unit, when an inputted 
document image is a color document image, extracting 
a gray Scale image from the color document image; and 

a multi-code image binary-coding unit when an inputted 
document image is a color document image, converting 
a gray Scale image extracted by the gray scale image 
extracting unit to a binary image by determining 
whether each pixel of the gray scale image corresponds 
to a background area or a plotting area and producing 
binary values in which each pixel has a value repre 
senting either a background area or a plotting area in 
the gray scale image, or when an inputted document 
image is a gray Scale image, converting the gray Scale 
image to a binary image in which each pixel has a value 
representing either a background area or a plotting area 
in the gray Scale image. 
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